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Concerning the determination of the sensitivity of hot~
wire anemothermometers in supersonic flows.%

by
- © " Jean Gaviglte, .. _._ Y/

Two methods.are mentioned which are used tp determine the sen-
sitivity of hot-wire anemothermometefs used to analyze the turbulence
of superaonié flows. :One method is imprecise with the lower Reynolds'
numbers, but the application 18 relatively easy; the other is pre-
clse, however, difficult to implement. New results from experiments
allow the respective advantages of these two methods to be'combined.

1. The senaitivity to‘longitudinal fluctuations (pu)' of the
amount of movementeu, and Ty of the stopping temperature ‘i‘o of a
wire perpendicular to a aupéfsonic flow of Mach 1.25<M<5. are favor=
ably determined with the aid of experimental methods‘which fake into
account the heat losses of the wire through'the ﬁins 6n which the
wire 1s soldered /(4) to (6)7. | '

Ry and Ty, aré the electric resistance and the température of
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the wire heated by a current of constant intensity I; Ry and Te are

. -! '
the limits of Ry end Ty when I—>0; aw= (Rw = Reg)/Re is the coefficlent
of superheatlng, Nuo 18 the Nusselt number correspondlng to To' i

The problem is to determine

@Q° M—)‘\’ MA' G QQ% )ew

~'wnicn are assumed to be 1ndependent of M, euch as when the lengthen-
ing l/d—'>°0(2) 'F 18 akin to a'y, G decreases ifal, increases. -‘The
p;;opertiea depend on the .,Re’ynol'd'sl. 'number (R‘L’)—se u%o cerreaponding to
Tg. T : S : ,

2 ‘l‘wo methods are considered.
| 2.L The first (3) expresses F and G in a generel form which 1s
.only then workable when the network of curves Nqo( )'T:,/F_ C‘b_)
1§ assimllable in a bundle of straight .lines eonvarging_in one point -
W of the axis of abscissae: this condition is realized whem
@\L: is greater than a@d‘, limit whose: determination is. imprecise .
and which depends on the end effecte. '
5 When%<% » One ‘commits an error difficult to. eatimate. ’
r 2.2. The second method (%) provides F and. G'by derivation from
the network of curves yielding Ry (pu) for To = Cte and Ry (To) for
i :... Cte, r\ao being the stopping pressure. the parameter is Te .,

2.3. When oxu-bo P‘—»F ,» the expressions of Fg deduced
from methods I and II are 1dentica1. The same 18 true for G, the
limit of Ge

3« A synthesis of the two methods was researched to attempt to

, combine their advantases. the eynthesia relied on eeveral obsewatione.



In viewi of the determination of F, "we present below the tare of a

platinum-covered tungaten wire. length, 1= 0.7 mo ; diameter, d=2.5 pj;

To = 2953 M= 2.3.

! 105“\”
5 sl
o S P
| |
, 10
T I
100
o ‘ I . ! ' ] 15,00 |
| WI—OQB[]}Q . -
. 030 . { { M
20 22 I 28 28 log‘;;-.. e
" Fig.,l"-4"" :

S bt Rt ot et RS hEee e e

- Figure 1 shows the network of curves (QoAQN h) QO(”_\ \’o)"\" .

- A gerles of experimenta made for different values of (R,\a has
ghown that the curves?(o.w) determined by methods I and II differ
the less that @\,\o is higher, and becone coincident when‘G{d@-?:. 8
which establishes(R;o =D 'Figure 2 piovides an example of the re-
sults for (R‘ko:—: 4.3, the two>m'ethoda provided’ different values "or
F, especially with higher .v'a}l,ﬁes, of B'.:Q; ; for Q&-:. 11.4,- the values |



agree.

- It was verified that no matter what the length 1/d Fo de-

creases when Q&D increages and for all practical purposee ca.ncels

itselfr for Qc\o = 3\%

~ Flgure 3 shows that F, determined by method II, depends little
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For l/d—»bo,G{Ao would be on the order of 20‘.
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on @\Lo and by the intermediary of F,. In poeing F'(agN A%) ‘\:( )

F can be represented by an expression such that

\: (@\,L)

F (&,

ARy =R &

2 +

,_1 2
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vhere C 1s a constant whose worth here 1s approximately. 10...

- The experimental tare method reduces itself to: ¥

termined by method I (at a Reynolds nunmber of%a QR&), to which

one adds the correction due to I ((Rﬂ‘)
The coefficient G can be determined by method I, noting that

(«,,, ) 1s de-

i
&



its expression contains on the one hand terms which can be
measured without any error specifically'due to Rygs while
on the other hand there is a termlproportional to F which

may be computed by the aforementioned relation.
. . : | (

; ‘ ' References A,

/
(‘) L. KovaszxaY et S. TORNMACK, J. H.. an Rept 127, 1950.
(’) J. Laurer et R. Mc CreLrax, J. P. L. Ro’pt 20- 101 1955; Rcused 1907.
(3) M. MORKOVIN, Agardograph 24, 1936. o ' .
() J. Gavigrio et 1. Burxage, T. P. ONFRA 417, 1966. ‘;-- N ‘_ L \
- {*¥) F. DEwEgY, A. R. S. Journ., 1961, p. 1709. . S T
o : (‘) H.. BUB\AGE, Comples renc{us, 271 scne A, 1970 p. 384

““de la Turbulence,

: -Laboratmre associé au C. N. R. 8.,

© 12, avenue du Génc‘ral-l.eclerc,

13-Marseille, 3e,. .
Bouches-du-Rhdne. T ,'_ '
B et (and)
.. Officc Nulional d&Eludes
"'~el de Recherchies Acrospliales,’
*- ..92-Chdlillon-sous-Bagneuz,
L Hauts de-Seine,. 0

P e e < g St e e

-

Translated from the original French for NASA by LEO KANNER
(Assqciateé, Redwood City, Ca. 94063, February 1972 o

i

)

; E S g



